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Abstract: Advances in endoscopic submucosal dissection include a submucosal tunneling 
technique, involving the introduction of tunnels into the submucosa. These tunnels permit 
safer offset entry into the peritoneal cavity for natural orifice transluminal endoscopic surgery. 
Technical advantages include the visual identification of the layers of the gut, blood vessels, 
and subepithelial tumors. The creation of a mucosal flap that minimizes air and fluid leakage 
into the extraluminal cavity can enhance the safety and efficacy of surgery. This submucosal 
tunneling technique was adapted for esophageal myotomy, culminating in its application to 
patients with achalasia. This method, known as per oral endoscopic myotomy, has opened up the 
new discipline of submucosal endoscopic surgery. Other clinical applications of the submucosal 
tunneling technique include its use in the removal of gastrointestinal subepithelial tumors and 
endomicroscopy for the diagnosis of functional and motility disorders. This review suggests 
that the submucosal tunneling technique, involving a mucosal safety flap, can have potential 
values for future endoscopic developments. 

Keywords: submucosal endoscopy, submucosal tunneling method, natural orifice transluminal 
endoscopic surgery, peroral endoscopic myotomy, gastrointestinal subepithelial tumor, functional 
and motility disorders 

Introduction 

Minimally invasive endoscopic resection is gradually displacing conventional 
surgical interventions. Endoscopic therapy has developed from the strip biopsy 1 to 
direct resection with a snare to endoscopic mucosal resection (EMR). 2 EMR has 
several disadvantages, however, including the high rates of residual tumor tissue 
and tumor recurrence. In contrast, endoscopic submucosal dissection (ESD), first 
introduced in 1999, allows the direct dissection of the submucosa. 3 ESD is now the 
gold standard for performing en bloc resection of superficial tumors in the gastro- 
intestinal (GI) tract. 4 

ESD is more accurate for histological diagnoses than EMR, as well as reducing 
tumor recurrence rates. Its initial outcomes and rapid development have resulted in 
more widespread use of ESD. 5 Historically, successful new interventional procedures 
such as ESD have been developed to decrease invasiveness. The development of 
natural orifice transluminal endoscopic surgery (NOTES) 6 has revealed the clinical 
need for a new flexible endoscopic platform. Preclinical investigations have shown 
the success of NOTES. 7 " 10 Among the new endoscopic interventions based on ESD is 
the submucosal tunneling technique, which involves the introduction into the submu- 
cosa of tunnels that permit a safer offset entry into the peritoneal cavity for NOTES. 
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This method, developed at the Mayo Clinic, was initially 
described as submucosal endoscopy with a mucosal flap 
safety valve (SEMF). 11 

This SEMF method was adapted for esophageal 
myotomy, 12 culminating in its application to patients with 
achalasia, a method widely known as per oral endoscopic 
myotomy (POEM). 13 The development of POEM has opened 
up a new discipline of submucosal endoscopic surgery. To 
date, several experimental studies have described the use 
of the submucosal tunneling technique for GI subepithelial 
lesions. Here, we discuss the current status of endoscopic 
submucosal tunneling techniques. 

Submucosal tunneling techniques 

NOTES 

NOTES is a peroral transgastric approach to the peritoneal 
cavity developed to reduce surgical invasiveness. 7 The SEMF 
procedure was originally developed to provide safe access to 
the peritoneal cavity for NOTES. In the SEMF method, the 
submucosal layer is endoscopically tunneled into, with the 
resulting space used as an endoscopic path into deeper lay- 
ers of the gut wall and an offset exit to the peritoneal cavity. 
Key to this method is the overlying mucosa, which serves as 
a sealant flap, minimizing the risk of soiling the body cav- 
ity with luminal contents and making it easier to close the 
entry point into the submucosal working space. Early clinical 
experience with SEMF yielded positive outcomes, showing 
that the submucosa can be transformed into a promising 
working space for flexible endoscopy. 11 

Experimental studies in pigs suggested additional indi- 
cations for the submucosal tunneling technique in NOTES. 
For example, submucosal endoscopy with offset exit gas- 
trotomy using the mucosal flap safety-valve technique may 
improve transgastric access for cholecystectomy. 12 Moreover, 
the SEMF technique creating a submucosal tunnel provided 



safe entry into the mediastinum, resulting in transgastric 
access to the gallbladder and allowing the successful perfor- 
mance of epicardial coagulation within 30 minutes in four of 
five pigs. 13 Follow-up endoscopy showed that the myotomy 
sites were completely sealed by the overlying mucosal flaps. 
In addition, the feasibility of a submucosal tunnel technique 
for transgastric peritoneal access and subsequent closure 
was shown to result in successful peritoneoscopy during 
NOTES. 14 

POEM 

POEM is a novel endoscopic intervention, based on ESD 
and submucosal tunneling methods, for the treatment of 
esophageal achalasia. POEM was initially described in 
pigs 15 and later in humans with achalasia. 16 The methodology 
consists of the dissection and division of the inner circular 
muscle layer of the esophagus through a submucosal tunnel 
created endoscopically by a small proximal opening in the 
esophageal mucosa. Between 2010 and 2013, clinical trials 
in several countries showed that POEM yielded impressive 
results as a minimally invasive endoscopic treatment of acha- 
lasia (Table 1). 17-22 Short-term analysis (median, 2.92 months; 
range, 1-5 months) showed that POEM was technically suc- 
cessful in almost 1 00% of patients, with no patient experienc- 
ing major complications (0%) or requiring additional surgery 
(0%). 17-21 Moreover, clinical success rates for symptom 
remission were almost 100% (range, 97.5%-100%). Most 
recently, an international, prospective, multicenter study 
showed 6- and 12-month symptom remission rates of 89% 
and 82%, respectively. 22 These findings indicated that POEM 
is a safe and effective treatment for esophageal achalasia, 
with good short- and long-term symptomatic relief rates and 
an acceptable rate of gastroesophageal reflux. Moreover, 
these results suggested that submucosal tunneling would 
make possible the safe performance of POEM. 



Table I Clinical outcomes of POEM for esophageal achalasia 



Author (year) 


Country 


#of 


Technical 


Clinical success for symptom 


Major 


Additional 






patients 


success, % (n) 


remission, %, at follow-up 
period (months) 


complications,* 
% (n) 


surgery, % 


Inoue (20I0) 16 


Japan 


17 


100 (17) 


100 (5) 


0(0) 


0 


Zhou (201 I) 17 


People's Republic 
of China 


42 


100 (42) 


97.6 (2.5) 


0(0) 


0 


von Renteln (20 12) 18 


Germany 


16 


100 (16) 


100 (3) 


0(0) 


0 


Costamagna (2012)" 


Italy 


1 1 


91 (10) 


100 (1) 


0(0) 


0 


Minami (20 14) 20 


Japan 


28 


100 (28) 


100 (3) 


0(0) 


0 


Lee (20 13) 21 


Korea 


13 


100 (13) 


100 (3) 


0(0) 


0 


von Renteln (20 1 3) 22 


Europe, 

North America 


70 


100 (70) 


82.4 (12) 


4.3 (3) 


0 



Note: # Major complications of perforation, mediastinitis, bleeding. 
Abbreviation: POEM, per oral endoscopic myotomy. 
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In summary, POEM has the advantages of being mini- 
mally invasive and of being viewed in the same way as open 
surgery. Thus, it has the potential to completely replace 
thoracoscopic Heller surgery and has strong prospects for 
other clinical applications. 

However, POEM surgery is a difficult procedure to 
perform. Only those who have mastered ESD and have expe- 
rience handling complications of ESD, such as hemorrhages 
and perforations, should perform POEM surgery. 

Gl subepithelial tumors 

Endoscopic treatment using 
submucosal tunneling technique 

Although most subepithelial tumors (SETs) are benign, some 
have malignant potential. Resection of submucosal tumors 
(SMTs) would aid in diagnosis and may be curative. Several 
studies have evaluated the use of the submucosal tunneling 
technique to resect SETs. 23-30 Generally, a submucosal tunnel is 
created endoscopically, starting approximately 5 cm proximal 
to the lesion. After careful submucosal dissection with carbon 
dioxide or air insufflation, the SETs are completely removed, 
and the mucosal entry site closed using endoclips. Endoscopic 
full-thickness resection using the submucosal tunnel technique 
in a patient under conscious sedation was first used success- 
fully to treat small, intraluminal, subepithelial tumors. 23 In 
the first case series describing the submucosal endoscopic 
tumor resection of tumors of the esophagus and cardia, two 
of nine patients required conversion to open surgery. 24 Both 
of these patients had tumors that were too large (60 mm and 



75 mm, respectively) for safe endoscopic removal because of 
a loss of endoscopic overview. Therefore, the optimal indica- 
tion for SETs may be submucosal tumors in the esophagus 
and cardia ^4 cm in size. Submucosal tunneling endoscopic 
resection was performed successfully in 15 of 15 patients, 
with an en bloc resection rate of 1 00%. 25 Although one patient 
each experienced a pneumothorax and a pneumoperitoneum, 
both patients recovered uneventfully with proper conservative 
management. Several other studies of the submucosal tun- 
neling method for GI SETs originating from the muscularis 
propria layer reported that en bloc resection was successful 
in 83.3%— 100% of patients, and that complication rates were 
in the range of 0%-l 6.7% (Table 2). 26-28 In contrast, standard 
ESD for SETs originating from the muscularis propria layer 
yielded a lower en bloc resection rate of 64%-75%, suggest- 
ing the superiority of the submucosal tunneling technique. 2930 
Moreover, this method is associated with lower rates of post- 
operative GI tract leakage and secondary infection. 

However, care must be taken to prevent tumor seeding 
while performing endoscopic tumor resection for GI SETs 
in a narrow working space such as submucosal tunnels. 
Further studies are required to show whether this type of 
tumor resection is feasible and effective, particularly with 
regard to safe and complete resection of GI stromal tumors 
(GISTs) with an intact capsule. 

The relative occurrence of GISTs and leiomyomas is 
dependent on anatomic location in the upper GI tract (Tables 2 
and 3). In agreement with many previous reports, we found 
that GISTs were the most common SETs in the stomach, with 



Table 2 Clinical outcomes of endoscopic treatment using submucosal tunneling technique for GI subepithelial tumors 



Author 


Country 


#of 


Location 


Tumor 


Layer 


Distance from 


Technical 


Complete 


Complications 


Additional 


(year) 




patients 


(details) 


maximum 
size (mm) 


of origin 


tumors to 
entry site (cm) 


success, 
% (n) 


resection, 
% (n) 


rate, % (n) 


surgery, 
% (n) 


Lee 


Korea 


1 


Stomach 


16 


MP 


4 


100 (1) 


100 (1) 


0(0) 


0 


(20 12) 23 






(body) 
















Inoue 


Japan 


9 


Esophagus, 


29.4 


MP 


5 


77.8 (7) 


85.7 (6) 


0(0) 


22.2 (2)" 


(20 1 2) 24 






stomach 
(cardia) 
















Xu 


People's 


15 


Esophagus, 


19 


MP 


5 


100 (15) 


100 (15) 


13.3 (2) 


0 


(20 12) 25 


Republic of 
China 




stomach 
















Gong 


People's 


12 


Esophagus, 


19.5 


MP 


5 


100 (12) 


83.3 (10) 


16.7 (2) 


0 


(20 12) 26 


Republic of 
China 




stomach 
(cardia) 
















Ye 


People's 


85 


Esophagus, 


19.2 


MP 


5 


100 (85) 


100 (85) 


9.4 (8) 


0 


(20 1 4) 27 


Republic of 
China 




stomach 
















Wang 


People's 


18 


Esophagus 


33 




Approximately 


13 (100) 


100 (18) 


16.7 (3) 


0 


(20 1 3) 2B 


Republic of 
China 










3-5 











Note: # Giant tumor >6 cm, two patients. 
Abbreviations: GI, gastrointestinal; MP, muscularis propria. 
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Table 3 Clinical outcomes of tissue sampling methods for Gl subepithelial tumors 



Author 


Method 


Country 


#of 


Location 


Mean 


Rate of overall 


Rate of overall 


Major 


Minor 


(year) 






lesions 




tumor 


diagnosis 


final definitive 


complications 


complications 












maximum 


(cytology)* 


diagnosis (IH) 


rate % (n) 


rate % (n) 












size (mm) 


%(n) 


% (n) 






Gress(l997) 33 


EUS-FNA 


US 


27 


Gl tract 


27 


81 (22) 


- 


0(0) 


0(0) 


Ando (2002) 34 


EUS-FNA 


Japan 


23 


Gl tract 


35.5 


91 (21) 


91 (21) 


0(0) 


0(0) 


Hoda (2009) 36 


EUS-FNA 


US 


1 12 


Upper Gl 


28.5 


83.9 (94) 


61.6 (10) 


0(0) 


0(0) 


Mekky(20IO) 37 


EUS-FNA 


Japan 


141 


Stomach 


29.9 


82.3 (116) 


34 (48) 


0(0) 


0(0) 


Fernandez- 


EUS-TCB" 


Spain 


40 


Upper Gl 


- 


60 (24) 


55 (22) 


- 


- 


Esparrach 




















(20 10) 38 




















Lee (20 10) 39 


EPR-UT 


Korea 


16 


Upper Gl 


16.3 


93.7 (15) 


93.7 (15) 


0(0) 


56 (9), oozing 


de la Serna- 


SINK 


Spain 


14 


Upper Gl 


31.2 


92.8 (13) 


78.6 (1 1) 


0(0) 


0(0) 


Higuera 




















(201 I) 40 




















Binmoeller 


SLUB 


US 


24 


Gl tract 


10 


100 (24) 


100 (24) 


0(0) 


8.3 (2) 


(20 13) 41 


















abdominal pain 


Kobara 


TBB 


Japan 


8 


Upper Gl 


20.3 


100 (8) 


100 (8) 


0(0) 


0(0) 


(20 13) 43 





















Notes: # Rate of overall diagnosis including cytologic identification of suspicious (spindle) cells; *rate of overall definitive diagnosis including IH analysis. 
Abbreviations: EUS-TCB, endoscopic ultrasound-guided Tru-Cut biopsy using 19-gauge core needle; EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration; 
EPR-UT, endoscopic partial resection using the unroofing technique; SINK, single-incision needle-knife; SLUB, suck ligate unroof biopsy; TBB, tunneling bloc biopsy using 
submucosal endoscopy with a mucosal flap; Gl, gastrointestinal; IH, immunohistochemistry. 



only 40% of gastric SETs not being GISTs. 23-30 In contrast, 
almost all SETs located in the esophagus were leiomyomas, 
with GISTs being quite rare. 

According to major guidelines, GISTs with malignant 
potential should be generally resected regardless of the 
tumor size. 31 32 Indications for benign tumor resection 
should be based on clinical symptoms caused by Gl obstruc- 
tion resulting from large tumor size and the frequency of 
GISTs at each location, thus avoiding unnecessary surgery. 
Prior to resection, an optimal tissue sampling method is 
needed to diagnose SETs, thereby determining the most 
appropriate management plan, such as tumor resection 
or observation. In the future, each organ will be managed 
individually. 

Our experience with resection of SETs located in the 
esophagogastric junction suggested that tumor enucleation 
using the submucosal tunneling technique would be optimal 
for SETs appearing on endoscopic ultrasound (EUS) as a 
hypoechoic, heterogeneous mass originating in the submu- 
cosal layer (Figure 1). This method yielded good results 
with no complications such as bleedings, perforations, and 
postoperative severe stenosis, suggesting that this method is 
appropriate for patients expected to experience postoperative 
symptoms or stenosis. However, extension of this application 
to SETs originating in the muscularis propria requires the 
formulation of a safe and appropriate method owing to 



the risks of perforation, bleeding, and tumor spillage into 
the peritoneal cavity. 

Tissue sampling method 
for subepithelial tumors 

Because approximately 50% of endoscopic resections are per- 
formed on benign SETs, better diagnosis of SETs is required; 
of the tissue sampling methods proposed for the diagnosis 
of SETs, EUS-guided fine-needle aspiration (EUS-FNA) has 
emerged as the standard (Table 3). However, the diagnostic 
ability of EUS-FNA is often limited by insufficient tissue 
for immunohistochemistry (IH). Therefore, new techniques 
with greater diagnostic yield are needed to acquire adequate 
specimens for immunohistochemical analysis. 

EUS-FNA 

EUS-FNA has become the standard method of obtaining tis- 
sue samples for the accurate diagnosis of Gl SETs, 31-34 as it is 
relatively rapid and convenient. Moreover, EUS-FNA is con- 
sidered relatively safe, with complications, including bleeding 
and infection, being rare (0%-2.6%). 35 Based on the cytologic 
detection of suspicious (spindle) cells, the overall diagnostic 
rate of EUS-FNA was satisfactory (>80%). 33 34 36 - 37 However, 
the immunohistological analysis needed for a definitive diagno- 
sis, including immunostaining such as CD34, c-KIT, a-smooth 
muscle actin, and desmin showed that EUS-FNA had a much 
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Figure I Endoscopic findings using submucosal tunneling technique of tumor 
enucleation in a SET located in the esophagogastric junction. 

Notes: (A) Endoscopic finding showed a flat elevated subepithelial lesion in the 
esophagogastric junction, which might lead to stenosis by enlargement of the tumor 
in the future. (B) After making an entry site at 2 cm from the tumor's edge, a 
submucosal tunnel was created by submucosal dissection using a needle-knife form. 
After the tumor was identified and exposed in the tunnel, submucosa around the 
tumor was dissected. A white-colored tumor in the submucosal layer was enucleated 
completely. Finally, the entry site was sutured completely with hemoclips. (C) 
Macroscopic image of the resected specimen (20x12 mm). IH findings resulted in a 
gastric leiomyoma. (D) Follow-up endoscopy 2 weeks after operation revealed no 
tumor or esophagogastric stenosis. 

Abbreviations: SET, subepithelial tumor; IH, immunohistological. 



lower diagnostic rate (34%-6 1 .6%). 3637 Advanced EUS-guided 
Tru-Cut® (Quick-Core, Wilson-Cook Medical Inc, Winston- 
Salem, NC, USA) biopsy using a 19-gauge needle was not 
superior to EUS-FNA in the diagnosis of GISTs, because of 
the high technical failure rate of Tru-Cut* biopsies. 38 

Endoscopic mucosal resection method 

Endoscopic partial resection using the unroofing technique 
(EPR-UT) has been used to collect tissue samples from 
SETs. 39 Despite its high diagnostic yield, however, this method 
is not always safe, with a preliminary case series reporting a 
high rate (56%) of bleeding secondary to snaring. 

Endoscopic linear incision method 

EUS-guided single-incision needle-knife (SINK) biopsy has 
been reported to be an easy and safe method of sampling 
from SETs. 40 This method has a high histological yield and 
may represent a reliable alternative to EUS-FNA for smaller 
subepithelial lesions. Using a single incision, and without 
submucosal dissection or complications, a histological 
diagnosis was reached in 13 of 14 patients. In that study, 
the size and morphologic characteristics of the lesions were 



first evaluated by EUS, and a pulsed Doppler scan was per- 
formed to scan for blood vessels in the area of the tumor. 
Using a needle knife, a 6-12 mm linear incision was made 
on the highest protrusion of the subepithelial tumor, and a 
regular biopsy forceps was introduced through this incision 
to obtain three to five biopsy samples for histopathological 
evaluation. Prophylactic clips were placed over the incision. 
Although a SINK biopsy may be convenient and safe, the 
specimens acquired using biopsy forceps may be insufficient 
for IH analysis. 

A similar technique for the diagnosis and treatment of 
small subepithelial lesions involves suction of the lesion into 
a cap, ligation below the tumor, unroofing of the mucosa 
overlying the subepithelial tumor with a needle-knife, and 
biopsies from the exposed tumor. 41 This technique, called 
"suck ligate unroof biopsy" (SLUB), may be safe and effec- 
tive in obtaining sufficient tissue for IH but is useful only for 
sampling small SETs (<2 cm in diameter). 

Submucosal tunneling bloc biopsy 

We previously developed a bloc biopsy method, involving 
SEMF, called "tunneling bloc biopsy" (TBB), to obtain core 
biopsy specimens under direct vision from growing endolu- 
minal SETs (Figure 2). 42 - 43 This TBB method is technically 
advantageous, in that, upon completion of submucosal dis- 
section after tunneling into the submucosa, the tumor can 
be visually identified, enabling reliable collection of a single 
bloc specimen adequate for IH analysis. This TBB method 
consists of four major procedures: ESD; creation of a short 
mucosal flap; bloc biopsy to acquire a specimen of sufficient 
size (approximately 5 mm); and clip closure of the flap. Our 
preliminary evaluation in eight patients showed that the 
entire procedure was successfully completed without any 
complications and the rate of IH diagnosis was 100%. 43 These 
results suggested that this method, involving use of the SEMF 
method, is safe and effective for collecting tissue samples 
for pathologic diagnosis and for evaluating the malignant 
potential of SETs, even small lesions (<2 cm in diameter). 
We are currently evaluating whether TBB improves final 
definitive diagnosis without adverse events when compared 
with standard EUS-FNA in the same patients. 

In summary, tumors <2 cm and apparently malignant 
should be treated using a mucosal incision method, such 
as SINK or TBB. If the tumor is larger than 2 cm in size, 
EUS-FNA may be sufficient for a final diagnosis, followed 
by SINK or TBB if necessary. The further development of 
appropriate tissue sampling methods for GI SETs will help 
avoid invasive and unnecessary resections. 
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Figure 2 TBB procedure using submucosal endoscopy with the mucosal flap method for Gl subepithelial tumors. 

Notes: (A) Endoscopic submucosal dissection: a 1 0 mm opening flap was created by mucosal incision and submucosal dissection. (B) SEMF: a short tunnel approaching the 
tumor was created by additional submucosal dissection. (C) Bloc biopsy: a bloc specimen, measuring 5x5x2 mm, was obtained using a needle-knife and the cutting mode of 
the electrosurgical unit. (D) Tissue collection into a transparent cap. Specimen was removed into a long attachment, using grasping forceps. (E) Clip closure of flap. Opening 
flap was completely closed with hemoclips. 

Abbreviations: TBB, tunneling bloc biopsy; Gl, gastrointestinal; SEMF, submucosal endoscopy with mucosal flap. 



Functional and motility disorders 

Neurogastroenterology is defined as the neurology of the 
Gl tract, involving the liver, gallbladder, and pancreas, and 
involves the control of digestion through the enteric nervous 
system, the central nervous system, and integrative centers in 
sympathetic ganglia. 44 The submucosal tunneling technique 
enables endoscopic access to deeper tissue layers. Use of 
the probe-based confocal laser endomicroscopy (pCLE) 
provides optical histologic imaging of the site. Use of pCLE 
for submucosal access to the tumor site was successful in 17 
of 17 sites (100%). In animal models, pCLE could visualize 
the muscularis propria at 20 of 24 sites (83.3%) and neuron- 
like cells at ten of 24 sites (41. 7%). 45 Moreover, pCLE has 
been clinically applied to human patients. 46 This new imag- 
ing approach may be of tremendous diagnostic importance 
in better characterizing and understanding functional and 
motility disorders. 

Conclusion 

This review has described current endoscopic interventions 
using submucosal tunneling techniques, which have produced 
excellent outcomes in animal models and in human patients. 
These methods, including NOTES and POEM, have been 
successfully used in patients with Gl SETs, and functional 
and motility disorders. 

Additional studies are needed to assess the advantages and 
disadvantages of these new techniques when compared with 
previous techniques such as surgical interventions. Factors 
influencing the use of these methods should include patient 
status, the ability of endoscopists, and the possibilities of 



tumor seeding and bacterial infection. Further studies and 
discussions should promote continued efforts to evaluate the 
clinical usefulness of these techniques, thus contributing to the 
endoscopic development of a multidisciplinary approach. 
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